During the past decade the use of various reconstituted tobacco sheet types in the manufacture of commercial smoking products has increased greatly. Because of these technological dtanges, the tobacco researdter has sought to determine possible alterations in smoke composition which may have a signi6cant effect on physiological and biological properties of smoke. Wynder and Hoffmann (:1) first reported reduced tumorigenicity in reconstituted tobacco sheet smoke condensates. Subsequent studies (2, 3) have conS.rmed this initial report, noting, in some cases, 6o 0 /o reduction of tar tumorigenicity of sheet cigarettes in comparison to control cigarettes. Moreover, significant differences have been determined for biological activity of condensates prepared from cigarettes consisting solely of leaf stem and main veins when compared to cigarettes manufactured from leaf lamina alone (4, 5). These latter observations are of particular significance, since stems and veins have been incorporated in sheet manufacture to a large degree. Thus, for example, blend speciS.cations for the Kentucky Reference cigarette, based on disappearance figures for the years H}62 to :1966, include :14.2°/o of flue-cured stems (6}. It is reasonably inferred that sudt values for stem incorporation have increased in recent years. Comparative studies of smoke composition of various sheet, stem, and blended cigarettes have generally reported levels of total particulate matter and selected individual components. Klimisch (7) observed lower levels of condensate fractions, containing aliphatic and aromatic hydrocarbons, and lower amounts of nicOtine and phenol in sheet smoke condensates versus control cigarette condensate. Halter and lto (3) reported lower tar, benzo(a)pyrene (BaP), nicotine, and phenol levels in condensates of sheet with additives such as KN03 and postulated that the altered burning process affects the formation of mainstream smoke. Similar differences in tar, total polynuclear aromatic hydrocarbons (PAH), and volatile phenols were reported by Hoffmann and Wynder (5) in studies on stem cigarette condensates.
Another factor whidt affects smoke composition in reconstituted sheet cigarettes versus control cigarettes is processing tedmology (solvents used, high or low temperature treatmen~s, product thickness, etc.). These
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factors apparently alter burning properties to produce a dtange in ratio of mainstream and sidestream components (2, J, 8) . Relations of biological activity of condensates to BaP levels were not readily apparent in several of these studies. Chouroulinkov et .il. (4) showed no signifiCant differences in BaP content of stem and lamina condensates while Dontenwill et al. (2) , in comparing tumorigenicity of condensates from sheet of five different processing types, found no apparent correlation with BaP content, but suggested that total PAH levels might be a factor. These observations suggested to us that a more detailed survey of individual constituents formed by thermal degradation of sheet, stem, and leaf would prove of value. Accordingly, in this report we present analytical data on products of pyrolysis of whole Rue-cured tobacco leaf, Sue-cured stems, and a representative commercial tobacco sheet. Values are included for total condensable products, various pyrolyzate fractions of biological interest, nicotine, individual phenols, carboxylic acids, and PAH. Subsequent studies will deal with vapor phase constituents.
MATERIALS AND METHODS

Materials Pyrolyzed for Comparative Purposes
Whole Rue-cured leaves, obtained from a :1969 Old Belt crop, were used for pyrolysis. Stems were recovered from leaves of the same crop. The reconstituted tobacco sheet was prepared by a commercial paper process from a different crop of flue-cured tobacco. It consisted essentially of fines, stems, and midribs, with a much greater percentage of stems and midribs than occurs in the whole leaf. Samples were ground to 32 mesh (Wiley Mill) to provide increased homogeneity for comparative purposes and humidi6ed over 76°/o glycerol/H!() for 48 hours, prior to pyrolysis.
Pyrolytic Methods and Analysis of Pyrolyzates
Pyrolyses were performed in horizontal Vycor tubes, using apparatus previously described (9). Samples were positioned in the center of the pyrolysis tube at ambient temperature in a nitrogen atmosphere and brought to 940° C by raising oven temperature at :1o° C/min. Fractlonatlon and analysis of pyrolysis products. c) Acid analyses: Column: 6'X:t/8" glass, :to 0 /o SP uooh Ofo HsP04 on 8ohoo mesh Chromosorb W/AW; detector temperature, :180° C; injector temperature, :t8o° C; column temperature, 40° C ·for 3 min, programmed to :140° C; heJium flow rate, 32 ml/min.
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d) PAH analyses:
Column: 6'X:t/8" glass, 50fo Dexsil :;oo GC on 8ohoo mesh Chromosorb W; detector temperature, 325° C; injector temperature, 275° C; column temperature, 70° C for 3 min, programmed to 292° C at 6°/min; helium flow rate, 32 ml/min.
Individual components were identified initially by cochromatography with authentic compounds; peak effluents were subsequently collected and identified by UV and/or IR spectroscopy where practicable. Products were quantitated with an Infotronics Model CRS-204 automatic digital integrator. ,
RESULTS AND DISCUSSION
To provide bad<ground data on the relative chemical compositions of flue-cured leaf and the commercial reconstituted tobacco sheet sample, these materials were extracted successively with petroleum ether, acetone, methyl alcohol (Soxhlet) and with cold, distilled water. Extract yields are presented in Table : 1. In comparison with whole leaf, the sheet was significantly deficient in components extractable with nonpolar solvents (waxes, steroids, terpenes, fatty acids and esters, etc.), consisting largely of water-extractable carbohydrates and non-extractable cellular materials, which form the bulk of tobacco stem and midrib. Based on previous data from this laboratory (u, :12), one might predict significant alterations in levels of Generally, the amounts of polynuclear aromatic hydrocarbons in sheet pyrolyzate corresponded to the lowered yield of total neutrals, compared to leaf pyrolysis, i.e. about 50°/o. Lower levels of PAH reflect the relative absence of lipid components in midrib, utilized in sheet manufacture. As previously noted, the reduction of the active, neutral, P AH-containing sub fraction for sheet was greater {83 Ofo) than any of the individual PAH (containing from 2 to 5 rings}, including BaP. This fact indicated that a considerable portion of pyrolyzate or smoke condensate fractions of biological interest remains to be characterized. Analysis of the volatile phenols demonstrated: (a) unsubstituted phenol was substantially lower and mlp-cresol somewhat lower in sheet pyrolyzate versus leaf pyrolyzate, and (b) levels of other alkylated phenols, especially xylenols were markedly higher in sheet pyrolyzates. CC-volatile phenols for sheet were 64 °/o of those for leaf, which is comparable with the 6o0fo value for total phenolics for sheet pyrolysis, as compared to leaf (Table 2) . Alterations in phenol content of tobacco smoke could cause important changes in organoleptic and physiological properties of such smoke. Carboxylic acids were formed in much lower yields than neutrals or phenols, probably because they are readily decarboxylate& on pyrolysis. GC-volatile carboxylic acids for sheet amounted to 71. -Dfo of the value for leaf, again in good agreement with the So Ofo value for total adds for sheet pyrolysis, as compared to leaf ( Table 2. ). Slight differences in volatile fatty acid content of smoke are known to affect organoleptic properties significantly (1.5). Except for increased yields of some phenolics and acids, reconstituted tobacco sheet and stems had lower yields of all pyrolysis fractions than flue-cured leaf. Yields of chromatographic fractions, corresponding to CSC biologically active fractions, were substantially lower in sheet than in leaf. Consequently, the continued use of sheet in tobacco products appears warranted. 
